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Imotlg  ^ Owiag %© ©tjrtftia ©ba^mettFimtltt;^  'fef • 
•gfii»&la« of tMs to sllliif aiB!is^-i»4 B'ilieiP (1926) Ml?# 
ir«ra#tl®s #f-t» a# ^SSS* ' 
toany -llittl l«olat«€ species of laetie aeld 'b®.o'te«»i& 
ft«Mt ifaleh. named Streptoo^eamg isityoyofnig m& 
Bmvg®f {%92B) p%mm-A m awdL.1 .gfot# 
#f lactic 3 la tli® genua Let»<?«j$gtQe wMA 
#0«?««t©ad« t© of <191t)^* 
4w 
mm stusaiet #f «fe®iimtieally %f liastoi?. m& 
CliSO|» Mmmw^:9 tw# s* Mm. 
pmsmitravoruB .msm imlu6»d m ®peei«# thit ,g«iiw#. • 
, J. awat?®? of iii¥«»tigatoi»» haw el&islf£®ft thm :m%& 
and Balcer 
tajftio^alap il«iier/i3.St#) 
s«p»®t«d of tl3#' s, lae.ti# tot©  ^
P«4®i*sott gi«t« * tm tl» diff©s»®atlst.ids #f • 
ia tomt®. fyodwts, -Sail® (ItlSl a, 
©f isGtt«i #a0omt#»d tm d@at«l eai»t«s». aMi 
•ClffO) m ttnif  ^
l8©JA.t#4 fi?©a •«§ sell#' S#r<&#gi0al aiii 
It was ooriolmtfed tBuat ^3# 
i&mm • ootalt- itst tta## f» ».i)#ei#» ' 
©f lactic ibBisi l?aet®3?i«t« 
l®aB#feti»g @a Mm- «14 ela®sifisitti#a •«€ • 
aoet^ tfd fai Ispg# 
la m tf- p^vlit «t 8*tiji:f8t@t©ry 
©la»®ifi©.atl^ * CltMl pri»s«at»4 a toy t# «p#ei#s • 
©f feta» @»im« li&otQbaelilmi^ . fto® pt'lswyy s»i>»&tl©a mM msM into 
l&QiK)* m& lastSe .*«i4 »«ef«4 
dlfiiiea m® fe»i©d on 'Stm «»« !##» 
aatlsfact@ry ••%lt® f'e«tr* It i» diffi^ 'ea.t t# •,p©t«t mt ^ 
'Ai-fittiSsly -ti^' .ustwti. fctiBibSSS'l #f asaf'• It tm 
Mffiealt t@- m mwgmim fmm is^il 
i» iif miwa-oif €«rigt»# iiff®r®(irt;iatl®mii 
«»:» a^« li-f #11 ®«*bohydratt ^ f^ rM#a"tAti®aa# la tto» lr»y 
aWtf fmm 'la f tm <S«.«© i^|}fei©m» 
gitttt la 'iiteyat-oy# t&lii Is profealflLj'mttS 
8t^ f Jsmd#. 
../fto .following It#!" fey• . •• 
o-alf Wmm& of bf-ppodueta otli#?? la®ti# 
m» Usually Qif' ®ii)nal orisln* - • • 
hm • 
!• Iiftetodaysilltss Q^easiouB* •>» • Bae%» aaamM* 
s. L. lagtii-
S« L« aeidosliilm* 
«• h issMa JsMi* 
s. I. saasi-
fietioa m mmmm. 
-\/ . . .  
It* Ba0t« e ant If ®fef-itiad 
of niataiw. 
•• fefeto* Bmcsros® «ate©w« 
t# 
.aft* '©f plant oi» ®«41 ©i»iglm» 
h* AeM iB lact®#©, 
ft Asm ia wB'mMa©##* 
10. L. 
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M frntmntrntl^m- s«P9^w<st8| %M 
4tt mt li,«M» 
• a&fm Had i%m4, Wl) ft iiwte«' mt 
»gkii»m(i wla# wmeli mmm %o a i^ 
ftei ^s@3f%tioii« giirett far tii« wgaai^  mm ••• / 
tlMi stMy imdm m t^tr p»<Ss»t# ©f p%mm tlwwi 
€#fiatt#iy a# mM fM# w .?te 
a|pp«iijri: to b« the first qLiiaatit&tiw study s»d® &t the MMsim* 
ImtiQ® 0f toy tlm to0t«»@f#iwiitatliNi l*©*t© iteS#' 
^a8t#a?tii, w#w miy$» «f tjbt f«wiiit«ttt» 
®f glmom^ l#iw3.o®®, gidattos#, 'luiit#.®®, taf* 
tm 0n$m i0mm^0d. wm mmmt^d tm by th® ^€Nii30t«t 
metti#- mA a©id#t mA ©tfcgl few* • 
#4 nil «j£©«pt WWS' fe# lae*' 
ii® *oids only* la addition t@ tii' eompotitti# aamitol iriyi 
fal)l« 1, tak#ii f^m& »ayoii mS •' 
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tmtm til® ms aoatlis, 1..S* 1% wm mm* 
trm t^ ji® liiftt tl* laetie &eM wm 
#.<s#tia m«!M a® j*#ps»©8#at«€ by ®* 
6, 2 cjgk^oa """"'^  3 611h4oj1 
la tim #f a©«tie aeid tm tl*- ttslA 
#®««a%atloii Bfo t^-hel (1900) pointed out tlmt %qvmMim. f eould 
itot h& mTvmt fm tli® Iwti© i»i€ imwmntmttm «f Iwt©.®# !?«• • 
dials# #f proa»%» tMt iPi»  ^ fmmd* It •ws«  ^ #%:»«?*!»€ «!«%• 
•til?- -aiii tmmtim @f 
no id it mm timt i^ ti. mm 
m t# tli». 
Mas© «3d F«w»l®r ft stway ©f %l» 
#f «i)d IfwdOf® fey »i6r(©®3?i^ aii» 
sift«r®l «ii -ii^ eSaie «i'ii wm» a#% 
iwm glm&m wm9 Iwitit, ais«tl@ «d «wto«»aie iwit • 
slmmx mdf M «^as.tiaaf; •wiimt.tiil f»» 
la t&® #f idj^  wi@w»ieg«iiiwi. mm' *%!.# t# 
©jEidl«« t® aeia# m thm imwmm-
In thmm Wi#* »iii«i*©1iit » wiyi 
jp)&«i4 tm" ttw> fewfttiofi of i»«tle metd* ItlixJ. i^ @©l3®l i» 
iitt«»ti&t03Ly in tfe#' 
0. + i SnO 8 OaH^Oi, + 4 + i 6% 
»© f3p«« me ia ttmm !%• 
©agilaiaftt tlit 
i««# t#  ^fot«Rti« # f  a i a i i l t o l  m s  h f '  
t^uatlon ft 
f. c«h»oh B c«suiq« • %0 ¥ g##% • $ 
fms r#'««ti©a tfe# tai^ aatlon #f twt ' #f 
aiuanitol for each of ac«tio acid. Th4i dissisiilatioii of l®viA#ii 
%mm%vm ti» smm a# iit&t of ^ u©©®®. al$QM.'' 
mmtm. with as »li@« 9« fm^ fwfe %M®'' • 
"AWt it was pointed out tHat %f dedrictiag tba smiiiitol frew 
'i^ ai? aad Wm m&tic aosa aw@^^ t^»g tliii fir#» • 
aeidjf tiia ir#r# ofetaia«d ia tli® s«wi f#r» • • •-
relatloasmp a@ «t» .#r#m lqmtt#a io 
p»pos®d tof matl md W^mtimw 
for tfc» foraatloa @f a»a£t©l l>om leiftilo®#* i^ t^ wisiiiari' 
M is c8%«0|| 4 i s# © csih^og 4- m a eo,|, 
tmwmtlm «f aleoHol i» aisiiaid to t&# r«aetl©ii» Seetio 
mm ii f«itd •«» ittdip®ad®at 
K^tm Clt04r#sl«ai#d. studf ©f altro^g«i«iw l»^-
lattd uriii#, la. g«a»yA tli® :pFod«iiit» ctf wm-» 
th® «iii Ha  ^Safsa md ©al»w?g ItSti)# la 
«iiM# instances formie and propionic acids wmt^ : foiaat. . Mtti## 
forat# lilt pm§l0^m »•» fotind ia ^.mm 
tfttiom* It is froMfel® tliat Kmjmt mm dtaliiig with proplont.©-
aeid baottria a a iwll m tli# lafi^tiea or M» d«t®Miaati©a of 
profioiiie wl4 'ma at tim fr«e#ao» of air attwi3lat#d 
t&# foraatioa of wlatil® a» w®lX m r#dufi.ad tl»^  
of m^ mitoi. *at mmm to- iiir@feie:ail|'» 
iW04i .©«sftr»id S^^»#r*:s- ooatantioa tiiat Manatto  ^ • 
diaai^ tttPs aft«p tSm 'lia* %«®a •formantad# 
clils) isaa# at-udy of iffisitessis, 
chmm^mrlsing tm &T§mim» aaa^yi^ , 
mv® a&<i» af tk« f-^oaaott of ®ngai»i», F#Mi# .««M .in 
Bm^X %u®iititlts iif«t» tn# list of o0B^©m«« f©y»&4 ,fr« 
gtnmm toy tM iaotie aeJit • ^ 
i» &t l«^ow%mm in its cosplsttfti-as  ^ ®i4 it#''' 
fe««ring on a Qcimm of da.s0imilatloa proposod l.iit#f I3.i^i«*ap-
i«a <18^4) t@ pwiwiiit fabl® B 0lmwSM$ 
&f 0,vM^m «id imm^&mrn 
f itfel# Ulsatailatioa of aiiae©t« ami Jmrnsl^ m 
i- lajsffishb* 
i Qiw©«® 1 
K t. m' ' •'"'•••'•'•'"••• 3mm fstvmnt&Ai" " iod- ••'•••' ,s im ' " :  ^  ': 
' ' J 
Ithjl ideobol i 65.9 1 i trace 
Aoatia acid i na s 
Ca3?1»ii dioaddi t 88,3 f gs.s hmtie i|iisM i 9S»0 : 2ia 
Stieolnle aeld i i.l : a. 6 
aiy©er©I i t 0 
Mtoaitol « 0 t ©St5 
.mm i,„ G&i^m t f 
mmfrnw . t t ai*s . 
f 
letosi . f 0.7@9 
1 
• i.ose , , , , 
la %to® tjifel® gi-wMii 1  ^&d.t, tJ» Qf 
was tiiclii4®a to aeoouat for tls® si^ ®r utilized# Im f«|}S# i m la 
fabl# 1 Wmm- im 4®fiel»»y la o^^di«#4'pp€i€wt!»# 
m4. cltt4) i«ifopos®d tfe&t 0mmm i« 
tat# -wi ffc© #st mhim» 
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I 
m0fm 
mmtk tljt »0id''willi «ai,f 
m ftesa I# -tlst' Mgtoft' tm %m mtt# w»% ©tetai'iit'it im 
f#an«iit®.tloii8# la 'fttw #f ©bstyirmtioaji^  ®a 
of laotie a-old, Hi# iPtit# gi?ea%«' t!ii«. mM mw 
t® * ^m&0x^Sxspf fe»iiitati#a ©f lactic aeSd« ftai 
p^0iii©#A# im«. Mitloii, mA ' 'Wt# '• 
wm foi*a»a In « ,ltt • • • 
tliflt gluiwsit® f®iwiatati@a» 
/ 
f i^wsat&tiir© oi»g«lw) t® glue®#®  ^
#t^ y lrig*ri itm eo»w0rtop» ci0^o, a, to, ifgtl* •• • 
Slut©#* f«3®#iitat4o3a« torm&.'mmtlQ m%&0 laeti© m'sMp e«3eliOtt • 
diojim# »th.fl glfoei?®! aat4 ^uaeinio ®sm ipi^ « 'iwfe.--
laotie m& Amiml' 
w0m fQwmit 4a olaost'©qijila^S^r' ©oas#iite'8itsl@ii3» ffei.*: i*#!®!;!®®* • 
'i«<i fel» nathow%&# f0l3l®nriag: f© -^-
©f g3.n0oj$«4 
11. e«laj|0@ C%OHOa OOOl -••OHaCHaOa # G©j| 
It sOlao %'bmt laetl® swi# wms f«twijat«i€ t® 
a eld* f&ilw# of l.a,0tjie «ei4 to «<|uipl tlit ' • 
mA tto# -ikciia tli»: • 
Aa ©f <tiifw showed tJa.® sim df l^ii 
M- m»%±t moA ts t&tti ttlifl. al-» 
M mwlf ## mM mmtM. 
#©44 tfoslli* earboa diomd«| niappoftiag-tm tessit*- • 
•torn .«-f- tto«- glwo'w iato two a«*#8i*boii tioispotaids 
«#tiii#at3.f l^ eiapteow s«fotiad« 
m felaai #a« twift tl» wm 80 p«r o^at# 
fl»s® Sim %l«i% Mst: mmpomd m&.m  ^
finoqs® hsA a#% %«ta , qlyesrejl, i^©ii ted feaafl 
lif wtoM tlm r«Qttip©»to%s foi? 
a'bmla^em-
Faro® Fytll ©ibfeti»A sKmlfcoi 
t# aecTOiafe f©  ^ ft i«t #f tfe# 1# ««b  ^ alaolidl w«ys -
M®%M wli: tiK>due^iJ» wm iWtit'tiwn f»#a gliuwa#* 
ftm mB la 6gi^ «®jwiiit with tiio®# ## p3?mlmm woiflcarf• 
## mm- tif is# 
li» g®%jio@  ^g«%oa • m- •+ c^heoa 
mil# 
a*t« • ia tm%M  ^ 'thli #f %tk% 
#f i» tsijl# 1 ## m^* 'ft&yiiOT*# il9m&) 
t'lat f mamitiil, iom 
a |a.i*i®a? •taaatily wf m«.|€. f^n, th® 
itt fatjli -1 .i^  il^ i# ©f .m  ^iai, fmw%m (Mmi Btsm 
nlmhlB #f «3kw&&4 »t## aiit nm 
mtonlti#! jws 3.;s#ti@ mM 
mj. m&mm^ tm m^t w -tumit##. 
t^ralm^. mM 
GOfs, 
m,Mm *slt M«tl© a©iA 
'ishsls'ss •$w '^i'tl#s.. 
md fr#i. tu® 
#f 0mm»- |»* lii^ taftcetieug* m& e:#.e.i* 
m m§m t© %!»• as-flmtiw#* •§#•&»!tii^  if 
of tmm' orgmiws-alfeftll ^««iXt«4 -la- ttttl#, •• , 
tj*ae#f. wm% - It was 0wgg©st®i. ^&m.% 
ac0t»14i»liy€# li forKssd ,S.iit«.f®i©dlataX|^  la the aisslrallatlara mi 
 ^ .?®dorson (1929) tis«ila^%$4 a ttn»fed.r ®f- Ittfitie a®M 
ftp«; t©aftt« 'iirtdaiits .*i»l -tlitir atmiwil«tioa» 
f&« ipnliHtlonsMp ofcta.lrieA • mA iaetl© ael4 
i® li!t ais®gi»®e^ at wltli fcli#' 
i^om @©a#«atrmti0»t itof#'»»a fef 
•«44 (1020). dittwmt 
tli# f«fa«iwl®a #jf 
wai ®i®o-©.iiwita .©mt* pulik  ^ tis® •• 
'faiBatiti©# of i«fci0 mmtta «el4 if### f»wt# %%ll • 
@f #a3?lioii -aiomi# itlso 
fim $^mmM ©f paat^acitlemi wm 
Himt (1933-)# llsi»g. a 
r#apl3?«ti0i i '  o f  a  ® u » p 0 i i i l © a ' # f  w a w  » C ® a » .  •  
p&immn «»!?#•• raad# b@fcw«®s 
~ • *r 
all e®ils • 
cim quimtity %Wm thm 
fh® mt'^ «f• oa^ygea eonsiwi^ ' mm§ i>j»aetieslly ''^ ^mhm 
t^wm€» • Mlmo@t tm wmm of o,3^ «» wmm <i#a» 
ssai «.a^fe0» Ai©3iia# f««#€ fmm gltie^s# w !•«©•«# mM*--
it-mi eonsludti ttimt %&« tsr#«mltei» «f- gte###-
t© itt. aai»»-«fett p*$s#is -aiii. ,r:#sfi**atlm y#.«ial,ts: • 
fp« broaMom sf laetl#. acsld. Aerobic ^Issiasilattoa, 
In little mop© nestle acid thsa Aid .mnwrotjie. 
c3& l^9tor, tfsisoa «€• f#rl»is .(,19341 itol&ted a mm s^ei#» 
of IwterefiapmeAtatl*?® laeti« i©M .^ aettria from spollM. 
•a^dtalag-# fli# '.p»'Qtoti: ef f#m#ata%l0a #f-  ^of 
l©a# wf« tl» Mmm m tho##: -©ttitlwa' ijf. f^ tertoa, s«t ei** 
-la tiseusslng %im imtrnQtermntrntim l^ tlc • 
(1936) sife^seated t&at sucolnlc mad formic acids ci^ btaift* 
M hj Sfflit (1915) pmhaAtf mmm .pifip* --M 
wmM ^ropos#jl hj tX-mfrnT that tli# l&otics a i^d th» • 
-It %vdkm 4owis yj a geeouAarf. t© i©«M@ •• 
«€ carbon dioatide* Tliis sfeactioa, it m# petii%t4 . 
a 4«iiy^og®aiitloii» 4 Hy^ogeaated mwtj Wmm* 
Ij# itee0wit#i for* <51^«rolL ariaing fr«» 
gl7©#rl© aad«!iy4®' eoml4 aeetpt lij'drqgm# eeatfa* 
fei«; »itli tupportiwg ayatit was put forth fef W^oa • 
md wiirtasitt ia.iss)» 
Fros tfc© review of stiaM#® ii.®gtaiiatl©m %M foil^ wiisf • • 
60a0i|.tt«i€ai« »«x fe« dli*-awa. 
1. M© ^mwa \mm .wtlte m ttm laaehaniwi of t&© pri»» 
^®rf toretkdQwii of ffa# Initial 
t®4 toy- Sltifttr ^ «tt€ B i^Ajer after %mt .#f ©tliir f#r- • 
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fijt mtiiMmtlf m^m gw ixmrnti^ mm #f feslag m 
mmph.m9h«M% #st«r# fh® latter 
Mffi&vQ.^ f md 3,»§d«i om to «p@eiA«te «« t# ila» poMwlMXitif 
#f tMi «»t#i» fe#is® tfe« 9mm »s toimmsL^B ClfSO-) dtJPflcmitI,!' 
h^&lfM0d mtmf* Loimmn*« m»tmr oa first wm • 
l« b® a liwo»# «:»•«# feat wa« Isktm m a' 
miaefctir#' #f two trios# #«%»#« m 
^at« #«t«r ao3w«®pom«ttaf %© r®bi«0a m%m ir*i' i,«©3at®t fe-f 
?i3ft«@a «.<l md xi^ ng b'si0'%#i»ia#  ^
i^ misi (figiw« i) mm> p?qp©»®a fo» %im^ lit«#la£lm%i©a »f 
git3ie<i#s 'fei' iiirtmg m& iFi#a mswrnslmm &t l»* mmS.* 
m'win® Sm^rlB, i^ i»d ,b-ifce.t©-|?im 
sia®®!* nim&m 
0« • fm OiSBlMlation of Glm&$0 hf L» 
ffitew#lit ^«yaa s©%t3. ixtiil 
#«%«» •&# f ®i»ffliatsd %© Jiii#ti# a@iA. 
A ®f Smmtl$mt%m» fey iTOt^ erg hm 
thap#i«i wiMli tfe®  ^ hrw i^mm #f , fey tM, hoai@»2.a©tle 
mM 'f '^ dinautation ®f • ..m©thylgiy<ixal %® Imatt.# •i®!# • 
im® #l»i» im- mm»9X ii« r^g m€ cligs) 
tii0 fcii»»ti0a mi tmtic mM l^ oii methylgl-i^ Ml hf 
M* ef^msA m» »nggmt®d m ImtermsMmr  ^ la. tlii 
i«ti# 11014 f®fwiBtatloii.* vs.x^mm&0 Km»tw  ^«a€ Brn  ^ tlitf) •mM, 
^ 4r~ I 
i^ netie mM ilQ0} Mm stam® a®i4 
csc )^ cs i^- . 
iisa. •# -mmXim tiii iwi»% #f 
uuiljag <llff#s?#iit sp^Gim ot imott® &eia 
Mt mm ttint wsn a©t ©nii^ipfeili 
t# l.«ti@. .kttm- ly ^  tf«* l#9tl© 8#id 
mm fef usiag ap«el®i m »#ui»rg 'ust 0#» 
siiail.ikj'- #fe««^ati©ia« if i#ijirii^  -ilislk 
Eo»tytsel3.«w nod S#3l4&l;««tk@T {WWI} r®p@rt#A ti# of • 
fflttlifliXfOMd f3?oa tl* 4S.»siMlMttm %t glueo*# toy ®f tk« 
a# f^«iwentai?it« int-fei# la m% l&s 
^ l^.eaapto«yi.j^ :^ «-i#l 'ht m fiadi^  "mM 
fm»i gtBSXw? •%# witli|tiS;pii«l la it« pi»op t^it» mm§ tmmS, 
^ cli^ ) tsol&ttt 
mthflgly^mA. iwm * immsMmim mt 4fe#ttt 
SS ®#at ©f #i« was r#«@irw«4 m ffa#-
iwiii fef 
m g#h3 „^0g o%ooch0 #•%§ QW^QQcnimy^ • 
ilaea (10®!.} • aew mwmrnm^ im •«» #f 
1^1# %f l.wti» fysm te-i»t»tii.* 
mt^lglywssA Bomm #f m§-
toy .|i0iis«im hn gi»iijit glttts^sa wni: ifctefti* 
'»m?f tm th# foi»afttJl®ii #f mM t^m mtW^^f^ssA fef 
mmm%* Mmm, iwit gifft@g«a m4, 
%© M #l.t. M %^mm» #f tiMi • 
astltflgl^ jEitl wm tat# Jia©ti@ aoW i» ttt# pm'«mm #f 
1&s @'@<nitoisiiii# 
s3?al't c199s) (1.933) 
mhm$i-0 ,;#f .#a2»te®ii|?fe«t# tisstt# 
attt m#t imwlvtag '««• iii iat«3?a®{liaiir# 
fyl%mtm.g i?'«itoti©ai mm t^top^b®^ Sm gl^ly«t»t 
Ci) Mrnmm. t« of a &«#.»•©* 
l?ifto0Sffeatt ill mtm i#' Bp%%% Imto ism 
(1«, with 
ill :©»»• •'#f•• t&« •• S*@ai?boa 
®«tw m ae-id wtm the  ^
mMmtm t» 
ie a#ia»: |4| 'fiJi®' irtM i# «aiS' ©««&• 
te aem#. (5) fk# acid •hf&mgm 
imrn lid t^m lii#tti- mSM^ essMitiag: #f» 
eolfitii f©iwili#a #f slyo®toi^ «jaoFt# acid is necessary 
mlf to gi«Pt tfa# f:fyu.iric s®id is decartooxylat## 
iait«m€ ©f ¥@iag if 
latiem is i?»au@#d wil^  tfc# iiaaltaa##« widntios. #f a# S*©iiF» 
-lsifc-w^€li ,.iyi: ha®. 
#f i« ^«ad in vl#w «f tSi® 
r«©@»t i«0lit%i#» mt ^o«sto«ig:3.3r##ae»i# «.6ii tmm 'hf 
frmMMl cw«s*femwi» S#3»©ida,l936) 
th0 |»ineipl«» ©f ill# ai3€#a«ff«f®'3^0f »f fe« vmlmfei® ia 
©ntliaiiig ia ^atft«vi«l t^ wmen%&» 
ti©M» 
—45a— 
owinasl 'mM lliastowg (iw) €#s®isgtr«t»t 
til#. f@i»iaatiaia of ..ftcilll . It wm 
feUiit ppfti^e a©M itidif i»f mt h» an 
hut :#» • of tl» mtvm. e%e-i-O.0»' 
wM<ik bf tli» ot fimtiw* hmmm m py 
ti.#sgr®«a witli iLmtjtm^H »»€ 
niat that pyruvic acid had been fosOTBd In y<&ast 
mimrnxt tim mM of m1%&m§. ttiat pff '^rt©-
§©id ©oula to® ^btaia#d trom itetie aom am »a,gg®8t@d koitytwolww,#  ^
iwtl«d«i md Sllasbefg «y tia-ro -toili* aeid tp-m 
ift&tie aei4» 
«a lorn cita, 19s3# it-adiaa Urn 
•f&# iNilatiw mm- :1a,  ^fsllcnsd  ^
wiaa@f®, glti^ oe# «4 gal«ttos#», .ta %m ff sii*  ^ lif^ sgftt 
i'wm 0Mmm* m^mm 
f#»i ©f tMt ' • 
g#s, aadr |.% 'i®  ^
«4$«» . 
ta mtM m$ & rnoeptrnm Tm 
^wm- t© M tls# ©oawrsioa of glme### to &mhm 
bmfis c i935. if33® )^ e»iifiwmit %&# 
tariaatfoii. 0«3?'lj«iii ih* 'MSM.h «?•*# 
«it<i m® #aiyg#a »a€ la ©f l^^ r- m  ^%*-
aii»o^a p®i»®3ei^ # tfaji ii«p©Mf 
mW' .ito i^t iaeiiti©«4* 
m «th)ir fema fmmmt®& mltih ts3» #^»!«tl«a #f %<iio» 
tts pwmMm mmm t/ostmmA fi?#s mM • 
nisd 3.4)# 
14 CHaCHOHGOOI mi»0  ^ i% •—» 300  ^ 4 :^ ®lg0» 
tto# *»:« f@iai to 1i« 0*6| ike^eoiNlli^  %m 
it «feid«id tot 0»8* 
; I# hf^-gm: i**» #%%.siii#a''%f•• Bairi#, ff©a 
seid# It aeM wit* -Adm t© 
a©«ti@. mM m€ ^ mphQn &Am%  ^ |«%«atiQa- '^l§l» ?&« .ip«spiymt©i»f 
is.- gflgc-o cooh • q csft€0ol-'.'^ ve% 
w»# 0 ia irttli tli« 
l5lti» %M r#ira»ntatl©a. ©f salt 
Iwti# *©44 to«t t&at %eM#- •!&« f«r»a%«ti@a of • 
glue©®® t© Cl% aynd wiit«t¥ fas.®®<l ttoapotj^  |.«oti© m«std Mt uTObatolf 
ii#tF^iwit «.®M'ira# fitm iwii^aba!© f#?*-
mtttiitims hf fi^ ttg -igritft 
Fi*'Oa ft wm$:m #t tl» mmM oil tli® ii®@lMsai w ©f' iissliiilmtisa 
%m%i& ik«id feaetwls, 1% i# ••¥!€«»% timt 
mmAm  ^ lias. b««a $sdm  ^ wi%hwmm&  ^ totl»» 
-^ at l»» b»« f*»lat#d# .€i%ii#wi#@  ^ til#' 
^•Istl©mslii|?9 of ttot# fijmi pr©4ia0tii and tj» efea^nrmtlos ©f tl» 
f«tri»at%tl<sa mt fe# wttle neM tib.* tm®l» • 
fm ft e3.#8r tsatoPatindia^  af ,1ii« di#M.S3i.Eiit4v« 
®ii »iadi«rl%|' %hm 9t di»s3iailatt«ii of  ^
ii0i4 fes©^#ri® aaa am®®!#' ,i:f#iiiiig 
•%©• ft »»•' of tM» -Wm  ^
,pi»tw ©f iita-
liAtd by tMmmn miA #©-ir«pk«r«» aitfeyXglyeaaa hmm 
hmm frm iim f©i»ttfe#4t. 
i..»-4«»«t»g #»»••««: ft nswpo, f f w M m  
Wia fcait b«en isolated wai fornanted, but its rol© In tl*: 
di»ai»13.atld2i i« :#til3. m »tt«3p ft^ ' 
.ip®#ts3.atl©a» '•w»«»li t# a®<&#»f«ry b®foi» .« tatirstaadlmg' mi 
tbn mtwt #f'tist disai&idl.@.tim ctaii h$> attftiii^ d* 
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fm tt 
ummm «i 
t^t'mhsds 
eoipyaidl^ yatioai. 
A @f ti» toiwii© mm%%mm. iinwivitt tn 
%%&m #f #»l>eife i^toa%#« % tmtSs ia %® 
«i #f tl3i#ly mXMomMpB 
mm w#!,! nit tli# la nrjiieli tM»y «ii 
r63.»» M • tto» "to'««l5l.iii*s|« tim: hm^ tmm 
ssufsass  ^ |spjjbaa?ll.jr %# ft nf' sihi ©if ds,#s.s»l!l,&%lsa fey 
##3rt«ta ••Hf#©!## «eli • 
#i«4 ani tei«i» 
la la iia* 
ilmiattm «#' *f !»• i^w-
ployedl 
Wm 
tisiiimtittitiiljf* #«»• 
iniioat# mmtsOm mm%lm» to l&t e#w»# #f 4i»* 
t« mmm- #f f«ta«ntatlon wif fe-t'- ta 
ftnlai @jiaa  ^ is 
teifiisg- tlwi t# lte« 
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Methoda of analysis 
It is evident that a relatively large ntimber of products 
are formed whose determinations are complicated. The complex 
nitrogen source required for growth increases the difficulty. 
There is little doubt that yeast extract and peptone, used as 
nitrogen sources in these investigations influence the course 
of dissimilation. In fact Parnas, Ostern and Mann (1934) have 
demonstrated the necessity of certain nitrogen compounds in the 
dissimilation of glycogen by muscle tissue. In the present ex­
periments control fermentations, in which no carbohydrates were 
present, were run. In general the fermentation was slight and 
the analyses were little different from unfermented media. In 
later experiments unfermented media were analyzed and the val­
ues obtained used as controls. 
The fermentation of glucose yielded the following compounds: 
lactic acid, acetic acid, ethyl alcohol, carbon dioxide, gly­
cerol, succinic acid and formic acid. Other experiments in­
volved the quantitative determination of acetaldehyde, pyruvic 
acid, acetylmethylcarbinol, 2,3-butyleneglycol, levulose and 
mannitol. 
Carbon dioxide. A stream of oxygen-free nitrogen was pass­
ed t]irough tSa© medium to insure anaerobic conditions as well as 
to carry the carbon dioxide into Bowen potash bulbs #iere it was 
determined gravimetrically. The carbon dioxide remaining in 
solution v;as removed by acidifying the medlixm to congo red with 
sulfxoric acid and heating under a reflux condenser. 
Ethrl sIXmhol-* Aa pm% #f, %,Ji# 
mhmt 500*400 3Bi#) mm dli^ etly mtil about 
ilitllldd ^mTrn la tUi pmm&m &f mfesmmitd , • 
&?at#» til# Mittllattm WHS ©iOT?i®d ©ut la a iMgbtly ml& «o3.ti# 
ti®a* tim 4istl31at« iwt«i md# alfesllm wltli jn^ w :iifii»03sia® •• 
mS. tw«-tiii3?a« igsatt •mms'^9 btliyl w«w 
«€ to an aliquot part of th© secoat di«tillat« 'Uf •• %#• 
t.©#ti0a©id a©e©piiiig oi^ bwii «8ii W^whmm :|s.im)» 
staiay (iw) siooiwi tb»t ivte tthyl aleoml attat »»« 
a |1«M ©f aeid %# #ii|y 04 e«ii #««: o t^ataii# 
Ititm &e©tf3i»tli|i«mjfbiii0l i« ir#®#att it sis# ii 
|l#ld» tw®- idstie aeid. 
S@ipi?»stisa6 MM 'SHhfti* <•» ^msmfWr- •w T^FIW .(liPHiWll! W 
la •3Ep©ri3s t^« to which attittdeh^de Imi Mm i^ dtdt tli* 
ii@®«d diiti2i&ti<wi wm wtd# iat® s #f , 
fjsn^uhydrmtiat*' wm  ^
m4 wmhMm fh<§ -cmhim  ^ di»tlJJ.at® aad-iira«feteg# mw  ^ wtitral" 
ii#d «d diitiii-^ #:,- it«usd®t®-wi,ii«€ 4tt ti* dii»' 
tilMt:# 
ia«t5i>aiiitto'l6«gteii»e l^.» ftats i-«apomd wti d#t©»ilja#d. ©a, & 
iO t# 100 al», fraction fey #1* lt#l llfff) »d» 
ifi«d staiiif .wia wm^m imm)» 
'Chiiiig t# tfc« , v©l.stllitf <>f it 
wm® td- a®t«wttat %0m mm fef -itft-wi, 
niW&gm fe#;ad toiwr ©tutaiaing «odim toiinlfit#: 
\mismm tl*^  fg»«tftti€» fl«#li. iw  ^ B&mn jpetn^ A toiitt*,* t# 
t®iit imlfw* iloxia ,^ fwmi, toy %!• «f a^dti* mgwifit## 
twm • tlwi^  &m%m moact-isi. « 
•i^ m '-^i^-wmgmm^ golnti^ a wm plmm€ 'tm^mm to mstxsftfe# tew* 
p#t@^ tdiM* tm 0'mm wm 
»im«i « sa Aiitwt pwt #f fete#'Msialfite-.»0ltit4«t. • 
s®ate-lii#€ iadiiM Mimlfit# wl%li 4»iltti| tl»&-
ms tow iil)wat#A tvm. Mfiwlfit# toy i»m« #f' '##€£« M#' •• 
ma, fell® tolsttifit® tltrat#d idtfe t#<iia# 'iMiIia*-
J^-M' "nil 
.• *&m' ia tfe# f©w^atati®ii 3j.fw iwwi -iatemta##' • 
.#a 'ift-liptt p«rl; liy 1^# 'liit® n 
stalxlt# ikilmtita aaa 4®%®wdni»f its 4««@rlto«d 
2»3»btityi#a»giye0l* s|^ btitfa.«ai«ga,f«sol mtt: 4iit«iw4a«4 ©a 
a inif«pat« of t&i ^ tfei; ®f 
Br^^wiwi «ill w^tama Cisasl* mm wiit f®jpi* 
-aad b i^^ # 
tfe® mf«i»®a%©4 B-»gm m» »mmv^ fef 
stOfat# «ind lime (Hewitt, 1951) to Mmi€ 
©li wsMw  ^#f diatllMtioa. 
folafcii# aetin* tf -tte • twm ••i«ia mmm& i^s-
la thM €®t#waismtioii #f ,«l©ob0l mm eosMiiM,, 
ssjiiiifi## rM witli teit aii'i tim 
In tM ffmmm&- 0f pjrosl© »@M liiiisfli i® sliglitlf irolatlli 
ttei' first wms #w|s®rfiit«t t® iife^at ^00 lil* 
imA %# »• ###©1^  utii-iai distili&timw. wMttH#. 
iteiti mm m. ititiliitt## 
.. p0«»lfe3.« iiil.^ m«t pmf^  of tb® 
if^ f iii»4 t» 40%9Wi^m%lm-0t ei@ ml^* • 
"mmm %hm 0f »«liw was llmitiidt d®t@wisatl.«M »@» 
saAt oa tl» ©f «%#« €i»tl3Jliitl#a* ikhms^ I'OO A# @f. 
tl» i»dlm mm 10»®0 al* «d 
tS !!»-«eldlft®d liquor ififtft. 
msa wttm • •-
Lmetie mM»  T h »  t e i d i  m m  € # t « w i i i i « i i  m  « »  a l i * »  
tm0t.jpiir% #ffef ie3.t«*a 
@f- tlit gotofflitt .sriat ssiisffw i l M W f l  witli«§t# -sja f®3n» 
•aiiitatioas la *»» «a •• 
part of 'Wm mMvm of  ^ tti#femty|.«a«glyco| 
w w  # * « i f j i ©  l a l . ,  t « t e ® a  i a  « i l ! y ! a * ® m i  - t d ' i i m  s i a l f a t #  
«aa  ^ al»^» 
Su^oiiai® fteid. Sueeiiif# ^ ®0id mm a# #!» &&mr 
a^alt fef :». ii!is f^if.ati@a #f 4 
if ifynoito i%BM} mS> 
#«ii«g t® lisnd©! '(1931), 
Ql-asoft# iaa.4 3.»iml.0i«« ^4a idifttot pB3t% #f asiim iwmi 
*itli pl»ipls©ttmg»tic mM (» 9m. mm% M i pm 
«ta% smi. to wmp#-%r tm 
mMrn - M%m part ®f ti» 
iiM Clf©6) mm.T toy 
iwrt m4» tm ®jii«t^im@tlayl.0i3?Mii«3.. sceoi?aiag t© |g|t 
W«l?liilia C19S6)« • 
gI»iiro3.» 33.ytJ#i»oi wmm hf n »mfte. at ion #f 
IfigtiiM#** (1911) isethod, Ifeli atthod coasists «f midiag solm-
«f f©dim «A ©®fi^ 3r fiulf At# Sa  ^antttf## •' 
a s,olatt#a ©oatiidiiiiig glfee^oi.fto# #©®p®r lifdroxid# 
tim mimm^ m&Miv^tng .w^ m. 
irit% tl3i#:il^ f»t#* .-.to .«i:^ ii«l#iii r#4a» 
wit« «®t tli# o# itiid 'st# .#f «%siii.-»2»4 
mMm. thi©«ilfat®# fatolt I jil»*i th# 3f@lattv# • 
©f .pw# glftsi*®! iw. fe« 
faiii# 1* '"sj* s©lutl«»a«-,* 
0. I 89.I...MQI .MQl ^0. l 800 f IQOQ 
•• i • -'j ••• • 
Ml. 0£ O.l I i 0,tf JL.CI S.ll ?.0t U*St gl.4l if,S 
..t •  ^ i  ^ t • s . t  ^ t t 
«@dim tM@4 oat i,.it s.gi 11.01 mat "m»Q 
t s -i i i s j • 
imifrnt# I O.SI i.ii i.*ti I'.at n,oi gi.st rr.4 
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Figure 1. NomograjBi for Detenalnation of Glycerol. 
i.56-
The curve by which the lagm. of glycerol in the 100 ml. of cop­
per solution are read directly is shown in figure 1, It will 
be noted that the curve begins a little above the origin. This 
condition results from the titration induced by the solutions 
used in the determination. 
Lactic acid, sugars and certain proteins have been fotmd 
to affect the determination. It was necessary, therefore, to 
eliminate these. Pure glycerol was found to be extracted slow­
ly with ethyl ettier from a neutral solution taken up in anhy­
drous calcium sulfate, (The technical sodium sulfate used was 
too acid for a neutral extraction.) After 72 hours the gly­
cerol was completely extracted. In later experiments in which 
glucose, yeast extract ard peptone were present, the quantity 
extracted was quite variable. In general complete extraction 
was obtained but often the results were low. To overcome this 
difficulty as well as to shorten the period of extraction, 
acetone was used as a solvent. It was observed, however, that 
some of the carbohydrates and proteins were extracted. This 
was overcome by removing the proteins with phosphottmgstic acid 
and the sugar with copper sulfate and lime according to Hewitt 
(1931). 
Typical results carried out with known quantities of gly­
cerol are shown in Table 2, Yeast extract, peptone and sugar 
were present in quantities of the s ame magnitude as occurred in 
the media. 
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 ^tisi ®j^ rl»ati tm giy^mmt mt ••tiiiiriftlaatt -' 
t#twlee thm ae®tio aold. If glye®3rol la ealeialafced o» ttiii 
Miig for tli« im f itol# t Wm e«rb#n fealiis,®#i ^ ani »* 
d&ie 4iiifesai@s SIISE' ^ gt#4 -a^piiwpiss*' 
s©M iClao was t» tlii wtirtoattts ;!» 
f-iblL# 8#: •%!*««•# :@f tiii: mm 1% t.» 
that «ti0ciiii® ael4 mt»m finm tm m toy 
SXmyirfti* (19S®) «ad m& WmWmm ClfSS)* 
tf imgwf f®r«at#t tliat oaat  ^ fw »a«3fei 
.ti- •ii«i€ for •*« w&mmn itti 
 ^ -timt @f tlst §!»»©•« f#wm-fei-i aaaaiiwim ta fata® 8 
m m- 4i»l pir #»»! ta fi^ ia fii« 4iffi®iN»t«^» ta tit 
#f l8iff«r i«. feat niiMi' 
affaet @a t&» «|u«ti%l#» @f proAneta fospaat# .««i4iti©ii» 
ikffwt ^«w»® tlit' 
ittteiMi 'laitliitaiiiM as mmely t4®ati©sl «• jossibl* C3.I gimm»g 
csl baeteis mii csl •ttesstihs-t#' ssliitiiisa wstPit 
ata i^li^ d ii«p«^at#ly» At %i»i #f laie^atim lAasttsia 
.lilifii©! i>»ti mm' attptieally#. in f®w3p l*»3.1t®j? flaa&g 
aal tto»- :pi •adjust^ "#® i#@* mm ms^- witte 10 
of a 'etilttff® #f' I»#. ' A»a»ir#M® 
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*t f§* cj, fim 
t»©tt3xt;t cfs l^# •?! mm t^tii ##ail«t#afe* lautle a#e#mti' 
fm ii*S to 40»7 pmr #«ttt ®f- til# s-ttgw jr«iwit#ii» flMP*# 
a@-b«rffliinstieas lo?® aliiost i^ eatle®!. fh# tJi® 
m% m Iierii ft# ia 
#«.% diff#i>Ntiit eoadition#. It «pp®a3?i 
dl!iii«fa» e©n4i%i©ii», t&e to#tw««a 
;#f Wf ^ m t&im degmn • 
#f coa«istency, 
ii»ti tmatitto# ## ©id, © i^jea tt#*!.##  ^ .• 
#%lgr3» aleo^ol. iw@ f^ x^ani hf tM tm$M» 
ilisii hy th§ h0mafmm$ntmtim groiig# tia# tata la f Hat $ 
mm t&at tb# aiiiliia#4#;« M ' a«'i#xf t^ ml.. %im •»« 
©f aesa ittnl uleo l^* it ap. tiiai ae«tl« 
atit art 'irt #f 3»#«rtoott 
e©a^mmt»# mmU »3,«©ti3l« «»i4 h&-im^ 
hj om of twboa disMIUi. 
'sii gXf&mol wmi *# 'i|sd0» ^ mM* fSm-
aatioii #f « s*#w f^e-0ii tattswtiia  ^%# a®®!!© a©i4 i»t 
M#M€0 aittit b« a©e#apwt«i %y » 3?«a»fiti®a# E# ••«» • • • 
»ta  ^m glfeirt© a3.4#li^ - ^«#a» '•«» 
l , i i i % l « a « i i l p '  © f n ^ ' n t i ®  « © i d  % •  m  i r a i a  ! . • # » § •  
two ailtsmi## ©f #«#! «3iX#©t3l® «f lAtti® f t^€. 
• la fl#ir .®f laatie iiili imf W • • 
'i«i?-<il>i«a2.1f t© a0«ti@ mmM. «i<t i% 1*- f®»sl.%l.# 
titmt t«0ti© meid tmmii iwm mf vmmm 
i^ fitil maly®ij» &t tM '€iiit8i.Mljiti:» #f gclmsoe#' 
M9 « prn'^^m'sm^.. %efe« ,4ii"' :, 
tm tiaiteF tbi- --^eTOorgaais®* »« It 
t« pfotjis 1« a ehmig®, im ito @oaaitli>a« wf tff«#t » ©'liaaf# •• • 
ia til# iwlatiottsMp® tlst- p»<Sii0tt# % ft 
iattrr t^ irae& ia tls« aay t>» 
B#ati3.ts -thtt# m&j throw It^ t m 
.—- .<S iS III •I'm iiiin . Ill tM- (••••»• iir -Jt - II liB*' Jtt -JlF' 'jiik' ^ill~ • • •• -•*• - JtkJr •-••'• 
•FiT«*llt^ »» «f 'hmm% mdl'm t# *Melk -watsaMi^  
^%m&m iu 0m%} mm wttii id #f ©.wl* ^ 
t« '^i ©f ittatw.0tieug., iitstgaitieug «ii 
tft#«©d i»twialtt«atli" thyou  ^tlit Mitlm* ftoii-
totn Cf'^ 1® t| mi ailllMl#® pm littt* a«a A m • 
CTabl® 10} *a sBllliiaolti' 100 mlllimol©# #«riiS:at©d» 
fow a«fs.# la t&i ttm tay» #a3.|r 4»$ mm^ 
• I'll© i*©l®iti0ii«li4.fa '^ istiag imjriet#' 
ttttasufb tfc®. fmimtttgr #f' 4eit •'*«.#• *i Cf«b3.« 9) 
lai# f©s»»iiit#4 t# lafiti® «it ^#es»i l#s.t 
i fm i® »a4 
-wM #o®» iawftiw# t» neiA*  ^ • fit# t@l.«tl®ii®hlf*• @m 
b® to«tt®r vt'jwaiized flatting Mi« Miilin®.!.#* ©f ,pr^©4ue't loo 
lailliiiesl#* 0t g^umm .tiat S)# 2# tfe.« 
p*odi»t #i®n plotted is ttii® w»ii®i» f®*®# a %im parAl-* 
1®1 ta feu© p#3p©»at«g« 9t mtng %# 
this eoB^#md is constant «at ean toe ea^resafA fef a 
IfisI,' If'tSs« lii^  is ip»ajpi. tlaiii' 
sutg««» te#iag f©3?n»at«d t© t&l« e^ewiii i« 4ii©a?«ik#* 
ii^ 0 if -A^nmiFii^  tl» pwmntm0» is , ^mtmg • I mi m 
©iiiaigt tm tto rmt# @f thu T8ri0ii§ »^@a0fcl@ii« q» M it 
f®i»®atatt©s <if 0ii@ w, i«w# t3» lafsitoits* 
itt t 0Wif% m€ &ei4 ««« ittbttttaitlsiif 
0«boa AidxliS# .gl^ ^^roa. «-!wr aa im'mmm* I.aetie 
^a@i4 m tm IimiA !« i«#r®asiag as th© f#i»fcii%ati©a p2?©» 
®r®*g#» tai, amy it wiaeygoing « ismm&mrf t^msntmtlm t@ 
t0l4 -itai dioadd® witfei it .i.iwult«3asott« fowstttsm .#f glfe#rol, 
Tm mmiXtB mj %• -tla# toy a shifttag ,ia tim 
fiaa %im system «ueh that tb» rate of foj^ imtioa ^f «i#tl© aeli, 
mA 4iQ3d,4# m i»ll &» 'iPm e«i##taiiA» 
It t#«u3.ting.-itt.'# ia tfe# #f la^e-ti© 
mM fowmi. trm tim dtigir# • 
fill ftat# f©3f Imomml&S. ip*®, A0W ia 11, itai,. %M* 
•Hii# ftiK^atatiott that toy X t^iie0».gt« 4m3^wsml^ u& , 
in gmtlng •,ts tM timt 
t#a #«yg. •©#• f-#r»iitsti<»» la w$,m  ^ of tl»' #«ii #f 
pi»« \^i©t» f'oiwi, saeh of tto# first m 
t&m' m^jmm % 0 - t #  e © » € t t l # a # «  
 ^is mm e3S|j©»ia»»t Witu X.t y®ato&e®ti@u»« fm. pd.i'e i^itapi 
«f s-gig  ^ t® iwtio wm. %w a®©i»#ita®a» a@#tl@ 
aeii »|p® ©!»• ©©a,«t«it» Carbon 
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Figxire 2. Serial Analysis of the Products of Glucose Dissimilation "by 
m imtrnwA mi •ttmul* 
lii^ fetei' im %i mA mSM m^ few 'hmm mmu 
ia i»»irl«» uri^  Jj. Iwmmmi^ i* tliitii# 
n®m?lj Xa ©aytoon Al« 
(inid# m #3?p&i» sufts -to ®# s$w' t%x^% wstisii b# 
in l^utei ill lilt i»tiialat@3P <if t4» A#t«rastaafeloft* tM„« 0jiiap#«ia» 
m ••nt'oownt for tli® lew yi#M ©f ©«?b©m diomia#-
•ia 'tmt 
flm» • $m #f f3.tt©o«« a.y<i0i3«yii:#t. 
in s:# m im laotie •«#m ««d ttt* 
im ftttifl sl»ii0l It tamfe 
laati© «#Ai »f %# 
•"— iS' artf11> -^•^•- .jS'ajfc '-• •——• 'Jfi: ^Me '&t:M ~—. jlaSLi.-!^, • Jifc.—- «t mlai^iiii' ih'i -Iftiil • fi*!* Jt .../, -Jtfc' 'tt ^-JLa. j| Jt' JBI' 
'ilp# ®wroi8tt #a,fs|x0,#» olsl©# »!»'• #«•. ##3.® 
•fef -|ii«M« ^aete i^n hm mmv %t#a tt 1» 
*%!.# t-i«t if tte# '©f «» 
Si# M'inl.'l# #f' Shs teswlttsaS wltb SssEWimi-etis 
•mm- m»m^ %m t a  f I S  mn& M *   ^
...J.... 
|M3?a 1014 i&mWk &i 'mip^m M§mU» wwm lm.0. dm 
t# « wM^ wrnmMm & mi^» f@i?  ^
1  ^ s*6*rissw d# %.te ssteisittesties.# •fa sfitt #f 
tMs •iToa? S,0 m ln«r«iij!# in tU9 p@r©®nt«g# ©f 
glumm *# e«.i%#i|. 4t:«i4ii« It&fi iiS.#©i»l wm' -aAte 
iuereaseil. .«f giuo©a« i#i»g, to 3A#%i@ mMg 
mm tto# 'hmi, Mmpm-Mm-w  ^ Xm &ii$ m3m  ^ &m 
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Pigwe 3. Serial Analysis of the Dissliailation of Glucose by L. lycopersici. 
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Figure 4, Serial Analysis of Grlucose dlsslai&latlon lay Le\i&oaQstoc dextranicua. 
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.  I  1  -  • • • • • • • •  I  
0attorn I 'SS i^ - .t . . lOM t m»® 
i • s • • • f ' 
Ithyl alcohol t 81.2 i 67»4 I 74* 4 
• I i 
• •• J • . -I  ^ 18.5 s -trm©# 
i  i  . . . .  .  . 1  
i .' " f '  ^ ' |-Cirto-©a t t8#f t J,00»0 I lQ4»i 
• t j •. _.. ..!_..,. \ 
f M #  m y  $ 3 . « « a ? i | F  t o y  % i m  
1» flgi»f S* 1% was p©iiit@€ otit In t» 
If th« Qv»m is pityii|.l.#l. in tli® horii^ at^ al. 
of carbohydrate to th» ioi^ ouuad J!N8p»®»®iiti4 
hf t!i«. mtw& Is eoiistwit. If slop® of th# e«?ir# i» eoa«igt'» • 
mpwiypt the p«i»ofiitage of ®«3?^oliftratt goiag to tM« oo^omt it 
tmmmlngf if ooaoav# €©«»«?€ tli# •fsj'ewtait t* Aeerftatiaf# 
fUe laotio- aeii mA th« aettsle aoi€* e'»i»boa •dloxli# 
laA aaaaltol iaci^ aa®d. It aff#»g tMt 3.a&tl©. tm m in-* 
w^mmmw 'Of Isstle- ,«eii may l>r©k#a torn to 
mM Qsrhon dloni^ t 'hySjtQ^n iQmm--A hf %lm oidd&tioa 
MAf mduc& levulose t© waaltol# 
• hae of €is»i.ailmtl©ii. of hj L0momM.%o0 
aaxtranieua u?«. sh&m la Mttr of «§€!«»» 
fM# f®i*ea%ati®a, • t^ffpwA tmm tUrnt of JLiroo»F»i<ii* 
%vmMM0S of .alootoolL «at -r of waiiiiitol 
w®w@ immd* Iii'ffttel,# tS tii« iats »«• ©al.tmiat#t es allllaol®# 
pm 100 of loiraloi# fefwBitei,  ^Aata «*« reprs-isa-
%«i grap«hioall7 in flgay® i# Ae#tie a ©Id ted aleofeol «lioir  ^
a rtigfet Ij«tto .ilia i«»ta80«. to a ainlM® in 
t««a 4i^ g ^aft#r wkMh it iittg|»a#«a agMa* C»tooa ito i^i:# mad 
mittmitol..# &m' Wm '^^ thmr hm f^ $mw«m& tO- m mmtmm $,n thirteoa-
iitfi md then 4##r®&»e» Ithyl. alooliol. m€. so^tli mM ^mwmm 
ooatiamotulf. fhei*® Is #Fia»»fitly i« -la ' 
ilsstailatl^  aeo.&aal* that shifts with th# ohsagtng ooa t^iooa 
of p^wth# -'•As the*»» is & oonitmat aMft la ra3.&» 
feioaniitp feetwesii the ^oimot# m f«3Piae«tl5a.tioa-pi^ gir**»eii» 
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Pig!3r© 6» Serial Analysis of the Dls^ railation of Levulose by Le:usoaostoo 
dextranicus. 
i'h 
31 -^ Ma. jm Sf •"•'—'^  
wt * 
kWamw  ^ ii.#»to£l,itt.l®« #f 0Mmm Wm0M, %y 
tlit Is0»f#*««atatlw Ifteti® »oM 'Meterla t# gwitrmlly a©0#$»t«4 
m th# i!iwl.#lt% tli.# trrs$is#@m!a«» 
trntttitilmablf ia^oxires n «#fiiig #f s^aetioai isa wmtto 
#t#a n ftfstlW'tit itiig» li It^  t# iiife@i»®gtijif i»t!i-
it«il tm i®mm%imm #f s ,a»t pr#««i ta. ttiii' 
m%*mM I# £iiir®lT»a. til® 41«#i»llatl@a #f 
1®  ^ ti W e-i^ l»jE» 
itf*' tottlt •#!#• i« ft %m 
witk •««#•!»te«6#i-#f »««tloiieM mwA ife®3?«a# 
6%#. 
gifg«y#3.| ^'mA 9thfl al0dli®l m i»#tt « a 8id» -•fl^  
l>tt#.«l wmk tow ilifi® pitrtletiiafty 
#aei la fe^swi#  ^»f tl«-  ^3pbpsi©l#fi««ilf itlitt|t#t^ l^ipi 
ti- tei«» alsliitj %t :^riiig 
T3ttn|^ i» BSiSlSSsitS*: fM.# i.« slstiiB ill 'lb® #ii.sii &i 
aat t*i %&# mm^ mi tfet mt 
ii#isitft» isdmt^ mg l-te#' fitit to ttili m&pmt:* af«io-
logiesdhltf: .st Wm tmm isyeti# i^ ia bs t^vrim mf 
mm^lj iat©' 'Wm tiro ^mw** a Mffmp* • 
®atiiA t#«t w «rim ta m 
mM.vmt,. - .0-»*#aa»a t#it nith tho 
tmM hemma m t^im wfatX# ifc» mmsa.m» 
itm%:-th/»\hmm*fmm9 \ 
• \ 
fli» w&»k mj tm\ ii&%0rpm^m€- m 
th# «»»§ lnyn i^ria 
laf^ litag &# * m 
m^t&tim ^ tim mimm mm&M ' 
,1m whl^ li wtA plisys «ii 3ta^ «taat It' • ' ' 
glismat ppQm 0f •%«, hat# ttei 
ia %# lam® ito»tij«i» in. mmw  ^
-gy tilt dtoss? liiwii# 
la i»wmmt$t%%mm #f by toeiil. ' tti -
frnmntrnttm laeti© mM metto. ««tt wm • 
tof «ftti»l.» #f it S« 
tliiit. «»»# tw9 arigiisat# tmm tli«- M tim 
itiwi-'tot#i»a i^«P3r« i«la#a'ttiii. iwml sug* • 
g«»t#€ ttoi immmtim t>f ml% .mA--^-mhm imm 
.i»@©iitwf i0rmntm.tim #f aold bf %m 
mm0il§ tmu& mm %# 
t# •*$«%!© ««4a «av e®r¥«. it#3d  ^ li««» «id. mtmmiem 
te&©t#Fla- fto»- jpr#i>irt# p?»t«i»iiar t&i t* mM 
hm ®#i##wti», a#e#r4  ^ t# ilt« abm®ii-l« i^? f^ «#li«t:|: 1» 
ftsld# fni# wm .feipiwat#4 m 
diosdia® «i4 tm^M »©i«i* mX&. wit# i#©»  ^
M%#A, as -ao iaterfflitlaygr ta %M of :k. ©tio 
»ii tef hetai^ o-laoti® a ®ijail«ap ikol&tlon if®« asfei® 
in, t%vmm^%lmm i^ f %#«« 
©i>#®t»iratiojaa -trnj bf ia ieinw «#' ii 
r#.si^ ti#ii, |«otle mA ipirruid© rn&t^ m . . 
btlsfj. lacohdl, farati 1 '^ • _ 
«e«a^Md«t %utetiti## #f e^^boa 
44©3ili# ^haA Is imm  ^iwm. m 
/^^ boja I<»i® #f TOspoiittds, f#»ni,t# .^ 
.ga^# aieoswi aa ft fta«4 la ftirlti mAfmrn #f 
ife wms ifecma that lt» #f lactic 
«M liiil® s®id,. mat ©th i^ ' 
itliyl ia0«li©3.f. 'sem «€'««!%#» 
IMW fowm  ^at #js i^«i0 af %m%i^  aeiA# fh,® l*#t»aiii:ti#m &f • • 
ale®m3i "fey th# Xm%i^ »m liimi aw*:r-" 
to««a t#, fcm tooii.#di» ©jf 
Wltla, «^#©paiitg, t# •# #to.f3. 
it tmw»& % tM mn 
i»«fmltt»g f3tm Wm «if fM® 'tlwwi' 
smy iu8ft^  ta #ji^ 3.aiiiia@ tlx# • 
sMf« &»a  ^%hm ^^m%» 4i»iiag pjmttit 
aeia# imy 1» ^ustiai^  in A» l«wtiei>©id «eci»a3.«ttt# 
%1^  is In th% -iwit iitoS-«to 
t:i la f «m tiNsfeta down to mleoteoX, COj| :&«M« 
m, ' 
•its* 
flm- iuadltion mcetaldehyd# «ind 
t# gXm&m f«.swwii#tl0ai ta ft r^nmmm iM t'tiiyi si©©* 
hml, l«ti6 seid «ad g|,pt#»I mA m ia a 0i4 • 
and ©arbon <iioa£l€®« fitcts aty li# ®3spliiiii«€ 
gl'y©x®l $0li«is® as foilowii#. tia©ti© mj b# t©  ^
aentie a®4# «i4 «iiri>©ii 4l©3Eid»| %}m eotiw l3 '^te>gia foifM84 
hj^Qgm mmw^&m i^ ii^  ©©^#t# irt^ li • 
cursors of ©tb r^l alcohol and glyesTOl^ pes-ulting in a l##r«a3« 
ia tM fuantitl®# of tmm %m9 In ^Um9h&0 j^mwi& 
mM'm^m' ^#olsol and mm 
fof«Mi4 lyf tii® J Is i^flrogan &®e#ft©jr»» 
4«##pteirs «.Mea to gltte i^p®.  ^
wltli lif^ og®a «t0«®pt&r« f€«bw»# fr©® gltmom f» 
ai»og#A» would a a®er#iis« in ^tlijl %m%t^ 
MM glfsewl la :ftgp#®»®at tli« -i-atji. 
itt fl#w of tb®  ^ f«©t tfeftt tti« 1# «*«• 
diffwoatli-i tm mMmM $imm$ 
mm Cfig«r# 1} hmmA m %&§: #@#«pr»ae« of iait 
Qm»» Cfigia»# il h&mA m %»« tii«:©sp|'» • f^ton-
lt««s m% la¥o3il^  tli» -©f • • 
tli« ia vM  ^ is foswid* Bafeft f^ ©* 
tm%%m gla f^eisgm cfiitol*' si mned i# MbsAxMm^ 
%t« Mmfmm&mttkttm %m^M md SF# md®rliB»4#. 
fiat* »# fr<» t^ # f^itiadatsttioix by Im&'mmml&k 
al luttie 
flfee mt wliai'i im. mm^ 
m§. -wiia. m -M omm* ii' tm% 
Mm. mmlj$m mi. f»im iimM ^©taits ^mam% l# i**€ .»!©« ta 
fcara®pa®.tliig #elmwi» t# 
wm' wm^X^WiX^. m# mhikmi w 
(1) fl&i ftttufcitntiw data agsnw nftti tlm» tint#* 
witl#al {2} 1#, f^ watatia t#-
f «ipfe#«-ai©3fci4« m-tfe i«m m- m 
Oluco 
xoo 
\k 
%.m 
m ' 
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CHaCHO • 00, 4 m 
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Wt^m $» SQimm #f .si-ssinaiati^ a baaed pa tlie sii&i«tti*i#3p»s'li#f 
C! A Int Mil I'HTin ilfc -oS'I^otSI  ^
m 
»3ls8-
toii f»itg •UMippoi'ts iglfwe&l s &mm Ui®j mw 
at## 15# mpiMiUieA toy 'iiofpl»g3,yees*t© wit 
fl», i» w# s%«®® • Cf@i*sMyil 0©wBml®atl.©a)|^  wc i^a  ^ la feMi 
eemtif iii©ji|toe^y«03ptt iw8s.ll fwa tm* 
montattof hf mmrnm^llt^mtiMg c«Xl* mi 
Im wlm #f ll) th® ii»lA%ion «3f m#ia, Ct) 
hmtn®m tit# mpmlmn^iS^. mA. data 
«ppii#a to c3) ei« ®f «id«4 lijplipopm mee#irtj0«i 
©a 4i«®iiailatio» of (#1 ti#' ©ad dissiiif** 
iatii©ii #f pyrmt^ mM  ^ Ci) tli® «liaagl^  rplsti^ aaJsii^ s of tla® 
•jsrodtoti tiihag tiislallatim m€ cil ^  giwilaritf 
iftetic, miel#' 'ist ftati dlntlaliiitioa  ^1*' afp#®fs i#3?i-©!w|-
mmml&e'mtlm #t th» wiiit b® »^© .In m 
m im&tim «f m€ 
aiftfe i^fiyoxali ia dlssiatlatioii #f fey laetltmeiH 
I'ls t>®#s • @f • $s^#ES*ti SWongtea* •'toAs'iAiiiiy •$# 
ppsoifeil ©f Wl^  t4@%#3?#f#3n^%lltlir« TOt## fM@. 
#iifgl»| »0 strlmagly siiailftj?* ul <ii.tto©e« 
laetie it a eMu @ai%« di©3ii4«,:, 
m$. glfmvQts In «@3?lal aamlys®# irairtmti«m Is tJi« m-*-
i>»<lwts ®» eiatxi^ # .(g) fh# siiw 
• Of p$rmi& aei4 t® atwl Ifty • 3.ir0ci.B@yilil 
is) *m#d j^ ta^gea 
a©0ept^i*ii m ttm AiaAMlMtim li' 
i» %# a sli^ bdfe 
-in 0t Imutmm*^ 
#gti.o9li><&0 stil32ibsffib 'mmya ifssys ss^ i^isfs. .'.ibba '^ ptosk* 
tel ^m M'mm 'mpmimmtm M gmmml 
m# p»-ti^ %ti«i- iff ••»». t*# ft:^  
idik®# 
gaitt©©i# m f#w»at«i tf ititi® neit 
'lAWk t&i f^ wstion »f utitt itttli ##««iitiiil.ly 
toao#s ®f wi€  ^ ©luplkm »»4 gl.f@ttol| i» adiiitim 
to <?!»«# alMtosl i« f o»»«d 1>f :|i#t®i»<5f#i'i^ f«tiir# forat* 
®lmelt iwlmt.4 «« .aSafflSSaS* 
Ae«iie iiGid # lliyl alcoli^ l at*® pmhm^Xf fovtmA tmm 
Wmmhm «ii<  ^  ^
©f #,iii%oii disslsi# 
fyrwie »#l€ «ai lm%t% aoli a## dis©tiii«d cti 
mtt## M fe»iai«4 asrotelcsl-if t®. 
h0®ti® «0ld isi%#a aiojil^ ., «©ia lia» iaelat®# 
:il» m iateJSMdlsitf %s?«@aMcR*,. a,.«M« AQ»ti© # 
laetie si©i€ «<i &imM^ wm §^wm§. iwm -pif»m%0 mM 'in 
wmm09 #f itp 
mm « tn,m»m^ Mm ©f imefet® «iift », 
is ti»' mte9 ®f f©wi.ti«tt of <i©#tii@ ^aXmh&X 
m€.. m^n tttsl##* 
-mm in^lattt fiw %!#'• ^^Sfmt0rmn$mUm 
$$MlBtim tf 
«#• gMmm iia m imrm»»^ ## 
a6#ti« mt€ m»& my^m diosid# mA % M r^mm i» t&» q^matitm 
0f f • 
mmptom ls«f# ail tfftet m isj 
fishi di#«iailati««i ©f tef foiwai 
wM iiailai*  ^ftiwt«latiaii* #f t# wmefe mmp* 
• '•'.r-.-.r" ^ . , • • V . • . , 
hM n €€#d« ftrl of ill* Xtfim3 i^i# m m 
: 0i MmMMlmttm «» m 
m^i^gljimi^ m m' Wm 6t&#F m 
mM* •• f&« •• t^itiii^ . ta umi »taif m©% ef ttm 
mmptmm ©f t& tli# 
*ky .li#  ^ 'torr^saltg* :% wi«ir ®f tli® 
imf my hwUng a^mt. $4S 
mmrn^' qnmtiM^im r9lm%lmAtp ms& tWs li^Mtiaa ©f 
timt i» a@% m 0im  ^ ©f 
1% i& pm3^l» i&ftt m m$. #f• tl# pr#«i#«is imtliani Qf 
i^a»tlii« »txn&f -
.g^uM eoaeiilftte %3s« wmrlme thmwtm »f 
smd <sX#!.rify tii# mlm pMfm^ ^ im^ii, m 
as'teylgl^ ssss. fi'a#. .ft ' • 
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gi^ pid 
g» . 
liOO# ESjftlg« Vmmmh '8fe®3? di« Bildtoig toa Sisigslar® 
lilek tarek Z*f* II, 
4# 
s,s§6» du r®!# ifit ©rmi# dam# !©« ftimsatatioiii 
®t Iftotlfii#, #t €«» ©rgaieii»ifi «Mstu®3.1iBa®iit iriirimt# 
©oiiti«ii.t* mn&* maA* mt» 4Sl»4Si» 
l«lj«riaek, m. w. 
190i# sw 1®# f#yiisa%« 
•' Iwimad, «ft. II» ,f I glg-E4IS. 
»• 1# 
i§2s» imimal of biiet^ riologf,. 14* i, 
and wilkias, 
19S4. *wm«l ©f dttemtaati-w 14. i¥i 
flllinas. wtd wilttna, buitimoj?#.* 
imo# fto®# Mm, ©ma* fto?#* i2« 
b«ytb©» a. and h, 
lilt# aisii 
aaa. emm, 
b©mih.oii»iia^sin.g«,. !• 
X803* aw 1# l&it &m V'^ M. %m%%%m'm Aaa» ^Mm*. §0% 
g70-gfg. , 
1841. La f©i»m®ntatioa Aaa* ®ligr#» 1X2. 
1813# sw tm neit qm- m <toi %m 
m0«mmt$:* Mm* fthssi* !•* mr s4»»i.qq. 
bas»<»&k3n«aii;ii m, «ad o* b* 
liii, d«t.@wiiiirtioja fa fisiwia%a%i0»«« 
lad. lug. ah«m, m* ,j|t iC«* 
eiia3pl#t<5ha, j>» b*.» !• b« hat c, h» lersaite* 
19Mm fhjnlQlmy ©f fyttgtiir<»'iaaa S©irt 
sei, 01 
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cctellj 
• pflaa  ^|.i 
0®imf h# w, 
. 18@9» Clftasifi#ati©ii #f Ojsdry Aan. l®p©ip% 
G0im«©tl©tt% (Sto:rfa) A t^. Sjp» pp» 
p«vl», j# g« 
i9sa* atjffihig uaid qftftaig 
£• ^s8i0'*3>04» 
B«i«, 3^ Qm • • ' 
19Sla# tfto®3p AtMaag iiii4 Steiiag wu 
bieehm, 2* mf-38@* 
ba(sli«ies  ^ 1« ' , 
lf§l» !?• m€ Qm* frnts*. 
Umat, w, • 
1923* lit lssig»fiw« ©in i»«g#laiMisig®» l#b®ii|i2*otiikt't>«i 
49  ^ tmimls&imn isdssbaiswillumi (B. m&iMtmiB LafarTt Uiii>t3fell^ #i«d Bissertatloa# Hannover, 
wa H« ffltfid 0, Siriyntb®i*g* 
193,7 • tJb03? die filiiwiptemg won Hatriiaaphosphftt# «.mf dl# 
UllselisSwrftgte'mig* 2# islisa. lOOl 14®«1L©f# 
%i>d«ii0 H, J0 md 0* irtft* 
1933. tJbei? die intoi»modillren ITopgaage bei 4«» Gi^ elfg# 
la Ella* |£s 
fltgg#., c, 
m# 1* »•* o» »» ¥©g«E« i.«ip»ig» 
fy#a, 1» b,, w, h# a» ajia@ri©a» 
lfsl» diaraetsfiatl©# @f c#s«taia 
bact#3?i&* mi cdateraa tlitif ^siioa m toablit®s« 
and Xyl©s«» I"# Biol* C|^ ifii, Jgi a88»4ll* 
Wm^rn Bt# w» H* P®t®i»«0a ma At Mwmpmtt 
1:919• Aeid F^ rmutrntt^ n. ®Jf Xylose* Si^ l# QU,««s« Mi 
347*smm 
» b# 
lSS9» • 1&iW«idi"aitg' 1^  ^ liaalw, limait, Mile:fe|sHiiie»i», 
u*8„Ww> %M MlMhaWmmrn 'tea. ehiii* lS0»lfO# 
Fa?i»d«»iw*ii-t f». !•, *• S t^@st® iiad ?• A,» SlMurf® .^* 
lt^ » sitenaiaktidtt ©jf l^ -aetie mid#. si®!# oli«a» fti 
sebfiiessft- • Wir*F""W'i6FiiiFi|F 
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0# lu  ^ j, mm. 
If SI# 4»a tldsp 
«lli©feyiaw«llik%«rt«fa !• Bio©ii,#is. ». t43J 
tr«asag#0tj, c» «a4 hwa# 
it35, t«a alsliflwtisg §al««#<i* 
b«l a#r Mil©lisltsi?#g«3M*iig# Z# 
^«Bafii0t, C, «ad lows. 
• ©i« Biijitmg vm WmB9ir»%&ttpm&:iA^^ to-efe. i* 
lb^g«yij6«g< bl06to«a» Z* §^t 
Qs^ Lu«sffly6, J, and J, 
lass# Bm %*mM isastifn*.* tea# ©ma* 0if»m is# 
410*404. 
f* «iid Dubourg. 
mM» Sw lL#t irins aiai3iit#s« Arm# £#10i»ia.6* 
(lii|r0a, tj. and 1« dmbotsfg. 
iiol* wbmmmhm mm 1# feriaiiit nwmitita#*' 
Aim# last. |Ss ©07-569* 
hsftaief* bt w» " 
l&SO# A0ld of 3.aeti-iiMi, aad t&* 
OsrgiyaiMS Aji«i©iat®d witii it ia Startiri#' '^ Ibn Agri# E^m 
Sta* R««# i^|.« 1®!.# 
Umm»T, B, W, aad !• ?» 8iiSs:®i»» 
3lt2i. cli^ 8lfifiSftti©a of tim 
low® jlgrl# l3®# St a# B«»« iialTwT 
B. ¥,%, 0, I,, Stikbly  ^ C* I# W#r»WBi itttd M» B* liofaasliiwi# 
B#di»tioa 0f Ae®t¥lL»tliy3.«»Ma®3. aad Diastt^ r^ t to 
s8^S*Btityl#a«i5!|y©«ill hj Cilrie M$A WemmtSja  ^
iTfm Bmtt®i» C>S.ttaf©«« lom Agri# Bijqp-, Sta» H#s, B«3.« ltl» 
H«rd#n, A, aad W» Ifmag, 
1908, The Alcoholic F©y®@atatloa of Ydaat Jui©®» Pari; Ill«i 
Tim Fmmtlm of Fliosphatd i» Wm F^amiatatioa ©f ®au«s#»i hf 
"f®aat Svdm* S©«, tondwi B* 299«»S11* 
ii«imeb«rs„ w« 
190i, ^ r^gioiit di« iiil©iisat»'#ibakt®rl«a# 
md filaktsjad. 44s<*s03.« foul b^rlia# 
w, 
192®# mii^ yiiw t^osttwiaa# Em&bmU d®i» (hapinigabsaeterloiogit# 
ft Tl»17g, Fa»l F«a»»f. l«r3.ia. 
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F, 1. 
3.to# XX?. I -teidl 
fef iimwalyli® siap«i|)to©0iiei« Bimhm* 
Mm'k»T^ 0# Sm toa s, s* f®toa©a* 
1930# m til# Ommmm xfl# stami h^mmmtm* 
Mm TmU Ap't. S:g^» St«, f#©h« ®it|» .1.67• 
hwipp#, f. 
3.8a4» Oat«2»«wehwt«» 1lb#r 4i# €m itluli dweii 
lite^drgikaiaiatii* a#»mdo&:«ti«amfc«# j,s iotas'?!. 
imt* g. a# 
10SX» aiy!i«#mi\ ©f ,£« B®®t# til 
liast, S» A, Ii» 1, 
lt@0» A itmay df &t tm i»:aiiteteaeil.im» 
a»am«* Sjp#©la3. oa wtobSNili3.t W ttii'''eml#' 
0". bast, 
Wmymrnai^f Mm - -
3.894. itmdw Bwt lit fmmmtM.tim Mm.* lm%» 
fmtmr* St 7W»184* 
I904, Cottt3?ibmti®a a i® la 
Aim» iJist. agroit# II# Sg€t-S76« 
Klmf9%Tt a. i", 
103S. Bi# zmk®rmTgssnmM* ads'' 
Sas5-^ iwews©iw«g ji 04i-i4f/ r 
litter, A. i» aa  ^ H. J* L, Ooitor. 
1924. Til# tJttlty iJi %1»# Cbiimlat^ nr of t!!^  Bitgme 
Blsii,iil3.atloa i» liet*o1a®®. Fi*«»e» toiya« S©t» 
aast®miw*' 
h. 
1859. On thii ©f £a©ti® A«M# Sde. 
j^ t ia»s5. 
s» and s* s©ldiit®i^ oif» 
l&2f7. wlcs!i%i®0 zwleli«f:®rm'wkt« d#3? iak®iitol£g®li®ii tma 
ailc&®mw«-0l»t®g abf#faiig«* WashtaJa?# ®r«»» J|i 
S,, W. GwalaAiii md f» Sliasbifg* 
imOt Blldrng ir» BTmmWm§^ma9me b«f Milslia*i»®giiPimg« 
2» ijhysiol. glite. ||£i 
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• • 
i0f$, 4m ^ 
i» 
1003# Biyi ?eitialtal8 <l«r llli^ ik'toi^ l>ak%erl#ii mm 
ij^ borde, j# 
1904«, S-\iP 1# • ftjwsmt d® 1* aaladls • 4®» flu® pomsas® om 
Gmmt^ vmi^ sel* iist si3*sill» 
1* b» &m e# 
18t6# atiiia ma • 
18?3* A o.«aitritouti©M to tJi# latwikl aistorj 0f 
Baetarlft tte# <s#ym fb®<»»2r f&Tm&t&tlm Chm.gm% 
M.* 
msfe#!*, j* 
ISfS. Qa the Laetie Femtatfttioa maS. Itt @a. 
P&thologsr, . Fath« i®©.. i:»o»doii» :^ l 
k* 
If^ , fb©** di# BSldaiig «ttd fm ftiosflior* 
iilwi»®#it#i* am»k«la,itu?» ia Stgtawnjpt irm Flttoa?id«p 
Oxalat, GlWmt Jl'wuiat# Bi&sii«a» S» M2i 3®#»388« 
19as# B®itx»ag atjjp m& sftttli®tl«et»ii 
Mettijlgly^a  ^ la Ells3i8i3»®» liooJiiaa* 2» Mil 3Siw^4« 
f. 
1907 • ?@i»iiij0l3. ®3ms>pii»f«  ^ d®2P lll©&sltiwife«tei®rle»» • 
2» f. bi^ fe, ii» j^ s tf-149» 
ia»4, and A, P®K'i©i* 
• 190S» Sw la prodmtioa €# la aiyaait® far I## fei?ii®ii%» 
da® d«« i^aa# ana# last# fastawt* s^«ias» 
o« 
1@$$» Int«a»adlat« f»d»et« and ttoa 'taat Stag®# of. G:a3»%o» 
lifdrata Br^alfdowa in tit# ©f I'w®#!# and Al©©lio3,le 
f#i? i^i.tmtlo®i» saftw®# lgt8 
ligiila, w» 
180?. dti? I# amittair fi-aeiiar# Mmrnm.' 
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lof 3^1, !>• m# W M m  A  m w ^  #f  ^ ia, 
j, |gt $a3,"*364» 
wp11& 3p«*®®iapgiwa  ^ ki^  WQB* *• %m f* l«Mi« %%% 
|gi mM»4m ai^  «*«#• 
xi* s* lyaa f« 1« wai]^ « 
1906 • fli» 0f Sagw fc«i®<i«.* 
jr* am* cl3ym» &»©• ^1 ' 
M» S, 
3,f3s» fw lyem sya<i 
iM stvMms m w&mmmtMm* Vx^x^ZimM fhmlt* 
Imm stat# €d2.1tt$®t te®s» 
H# 1. aad C. l.-'.w«3rtoim« 
1955, &t 01m©os« by 
mta ba0fe» ,^ 1 64ms7* 
e* amtf s« g©3?5p» 
ims# m#«&«!!i£»@h , 
lakte3pi«a'k* bse l^ise, z, 
l#ufe®ip|* €• m» kob®!* 
lis?# ?#»«iiatli©li» ttfaagiiiig wa l©tiif|gli^ i»i bei der 
®aic<A©ll«i^ ii Bimims* E. 1911 4fi# f^# 
ifiit'^ ®]? !^' 0 # sad ll» k®t>#l»  ^
198i, Dtn I#olt«i?«ag mn M&tb^lglhxal to#i €@i» 
2, 80*? i 2Z^B$§* 
ct ta4 j# 
If is, I>i#a0eliaa?i<S»* 
• bi0^«u s. 1931 2i5^»244» 
v« il«l, c. b, 
^ 19^» Beatiwimg wn 01fi»»%yl md 
2, w*4fs# 
Bi«l| 0* &<(, 
19gS» Th9 A#it Baaterli.# !•• W# S@iss#irititt •audi C©» 
l^a*j®a«®ii, s» 
191©« fb» MmM K» t«utfc. 
$«l»ksto, Skriftw* Hittli. M##!# VIIX. ftSl»lfe* 
-1S8-
0* &«« H* mod 0* E« 
1.9®^  ^ ait®«siimti#ja mt mna J r^©p»i®iii« 
i» *ijefew©»» xffii# bj^ » ejwm* ams.# m« i^ 
pm*ims, js« k», osttwi «i4 $• mwia» 
3.§34» 4®3? #i«aiselii«ii im Millie#! 1I» 
bl»«b«a» 2» mt f4-^« 
fllsttw* i», • •.:  ^
las7, mtwioix  ^ sw %& t^vmnt^l^m -mppmlMe Imtt'qm* Qm^trn mn^-0 mm&* mtt 
I8S8# Maaoir© aw Im -ajjf#!#® iasM### • 
imi» mirn* mm* 3:22, 4d4»4a8»  ^
f#4a3?|i©a# g* s« 
f3?odl»ti# s«w ¥0^15 c®«ll»va) s3^» ts6^» m.* %BQm 
c* 8, 
3l9ii^ , f&« frnrmm t^im @f Fi^ toa# «a«l Ar«blja#«» hy orgsai^ wi bpoil^ d %<»«ae%9. twit <0«imiw) 
ft^ terscwji ©» s, 
1934. K®y toT "Wm  ^ Glum&itlmttm ©f %&§•• fkmm 
fstsysoa,'1, h, sii^  1# b» fiftd# 
19®o» F««»atatl©a ©f fflueos®#. tidLaet©®# $Lnd Mmmm 
^'hmMhrntllvm nm^tornrnfAmmm. !• sp# j* biol. qm®# 
*• -h# and s« b« fini4»' 
fi3# ©f 'hj OwtaSa ?«%#«»-
f«»i«iitiiig Baetti'ia# J# Biol. Cto«a» i&*45» 
fetwaos, w* !• i«d k* b* fwtdt 
Biol. ahi», m-TO. . •" 
P®t@i»»0a  ^ w« a,, s» B, Wm  ^ aat A. 
lti2» ##w#atatiob l®ae@«#ii sat e#lii%®a Q^^^omsdm toy 
OmtmXn B^%«s»ia» J. Biol* Ch«a* 05illl»Mg.> 
li&», a» 1, 
1©18* eia0»ifi®atl«ta of a©idttri« i» bstet, 
^# 40f«4il* 
•"139* 
a®p@g#m-» tm^ Btmrn 0®lx«g«, 
tela* 
c» w» 
lf0O» Oa MlUc md its Mid* m® C0lleet#4 f^ #rs of C5«^Il 
Wil3i@lia Seii€@l©«, f^ iaglatM "b  ^ bobbin* pp, tl8-0to» 
g. b«ll and soii loaaoa, 
h* 
li^ » jsray lv®imtii£a 4©i? lllehsltiiwf^ lrwg Am 
ttiseii»a ihrn&m 
Z, f. balrtj# It* 
s« 
1@31» i:#toa@«l<J«hy*Sj®i!tiit;&«® tmd ulyHsolas# b#i #islites Mil^ li* 
2» f» bt&t. ii, jgt 
simoiiji s# 
193g« "ffbtyflatomg' wm. lii 
Bioeh®a, 2, g-4fit ^a»«S» 
«lt» j, 
1915, f.afeterioxogi0©toii' #ia oli®iai®eli® @'wii? 
d« miltemwgistliig* mss#rtsttlog« te|i%.#3p4wi» 
suit, • 
li3.4* tfb®3? die !4#tho4Mi tm* tmafitltatl'wa B©.i,ttimjiig iiia 
mmnltsi* z# Mmlftrn c|^ ®a» j^ s 4'7®-490» 
stajilj, a,, ii» 
1935. Dissljailatloa of Carbohydrates fef t1  ^
G#ims iygrobaeillu#* Bjaptabllslisd lem Stat# -
4^*.*  ^
stuily, g» !»•, l, otljwo sii€ 0« h, 
i934» HttantitatlT® BetsMliaatloiJ of iiO«toa® arid Itliyl^  
Bmtiyl aM  ^Is®»|a?apyl Alcohol® la Ferwatatloii l»iqtK)i*a» 
kmXj&U sfi sl§»3@s, 
Sta&ly, S« !.« and G» ii» Wy^pBS* 
19^0• a t^erM-nati^ sa of A^sti^ lwtlajleiiapbittal la Ferment 
I»l<iwrs» Iowa Stat® G®ll«gt s©t, 101 S^»211» 
¥»i stteutjarge, ?• 
lito* Les p^opitptt©® de® microbes laetit-i@a| elm^si* 
fieatioa# ma# iaat* past®w .54* 80s*8f0« 
si®nickm% 4* 
issb# 'ileb®? d«a ue  ^dj.® cimititiitioii iny 
Arm. Qimm fhmm §!•« •t4f«S©0.. 
cr«d 
o « a wo 
•* ©• j-** 
6^13 • 
I? 
I 
o ww 
I I 
% 
IP 
'1 
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wssgsbuminy h» 
Di« glrwitg^a 4m «id i^sp Afebam tl#*# at®t«n4» 
liil©lislw«|^ i*nsiit# hik fi» 
48«10@» 
w» b» 
lisi, ThB B«t®wiaatfoa #f Aei4 «€ fwp«|»ation 
of 1.1 tMm l>fs»wa%#« J# 0to3.» 0'Si«« £4s 
wmkm&0 0, b# a. silaan aad i* 
Hi©s^#gl|«®ri0 la tl» Bi»«iaiSati@a ®f s|.ia0©;»» 
wia^#*, 0»-b,a*j, j# b3p@ailiw«t# r# e« bafljjaaaa# c.» i|»iwiri«#®# %•, 
!:»« A# Ii©g®3?» «ad €f# !• 
ifl*?# ©Ml and S®a#ra ©f Baet» it 
$0i*ss6» 
wiklietimwt 
l^ l>» it«Ai®a iw d@ip litle3s»lta»« mt ilir®r 
hoi8®l@^a« ana* hfeftift#, utoim. itst 
H« 0. anA G. H, 
19II4* fli# Pi^ pioai® AtM lsust«r£a# Oa tli» @f 
S1.T10#«& f» Bi©!* 01^ . I0®t aS-.72* 
W#&d* H« Cl« sunA C* Ha WsfteMUfts 
FroploMe A©i4 I", f4i^ 74f. 
e, a« and 0« h, 
1935. ffe® utlllialsiaa af gm^hm l&f tti® 
k@id Saiit«ri» in tbt Msiiadiatiea ©f 01:f$@x»03.* 9* Bae%« 
wi»t% h ^ ' m & Q *  fri##®!* 
l@iX# • mfe«jp €i# Mileliite** Aaa# e&ea» 
• nmm» jgs s$0-»a'rs« 
